In this paper I review the contribution of real business cycles models to our understanding of economic fluctuations, and discuss open issues in business cycle research.
Introduction
Finn Kydland and Edward Prescott introduced not one, but three, revolutionary ideas in their 1982 paper, "Time to Build and Aggregate Fluctuations." The first idea, which builds on prior work by Lucas and Prescott (1971) , is that business cycles can be studied using dynamic general equilibrium models. These models feature atomistic agents who operate in competitive markets and form rational expectations about the future. The second idea is that it is possible to unify business cycle and growth theory by insisting that business cycle models must be consistent with the empirical regularities of long-run growth. The third idea is that we can go way beyond the qualitative comparison of model properties with stylized facts that dominated theoretical work on macroeconomics until 1982.
We can calibrate models with parameters drawn, to the extent possible, from microeconomic studies and long-run properties of the economy, and we can use these calibrated models to generate artificial data that we can compare with actual data.
It is not surprising that a paper with so many new ideas has shaped the macroeconomics research agenda of the last two decades. The wave of models that first followed Kydland and Prescott's (1982) work were referred to as "real business cycle" models because of their emphasis on the role of real shocks, particularly technology shocks, in driving business fluctuations. But real business cyle (RBC) models also became a point of departure for many theories in which technology shocks do not play a central role.
In addition, RBC-based models came to be widely used as laboratories for policy analysis in general and for the study of optimal fiscal and monetary policy in particular. 1 These policy applications reflected the fact that RBC models
represented an important step in meeting the challenge laid out by Robert Lucas (Lucas (1980) ) when he wrote that "One of the functions of theoretical economics is to provide fully articulated, artificial economic systems that can serve as laboratories in which policies that would be prohibitively expensive to experiment with in actual economies can be tested out at much lower cost. [...] Our task as I see it [...] is to write a FORTRAN program that will accept specific economic policy rules as 'input' and will generate as 'output' statistics describing the operating characteristics of time series we care about, which are predicted to result from these policies."
In the next section I briefly review the properties of RBC models. It would have been easy to extend this review into a full-blown survey of the literature. But I resist this temptation for two reasons. First, King and Rebelo (1999) already contains a discussion of the RBC literature. Second, and more important, the best way to celebrate RBC models is not to revel in their past, but to consider their future. So I devote section III to some of the challenges that face the theory edifice that has built up on the foundations laid by Kydland and Prescott in 1982. Section IV concludes. Kydland and Prescott (1982) judge their model by its ability to replicate the main statistical features of U.S. business cycles. These features are summarized in Hodrick and Prescott (1980) and are revisited in Kydland and Prescott (1990 Hall et al. (2003) ) and to the methods used by Burns and Mitchell (1946) in their pioneer study of the properties of U.S. business cycles.
Real Business Cycles
I start by simulating the model studied in King, Plosser, and Rebelo (1988) for 5,000 periods, using the calibration in Table 2 , column 4 of that paper. This model is a simplified version of Kydland and Prescott (1982 
Open Questions in Business Cycle Research
I begin by briefly noting two well-known challenges to RBC models. The first is explaining the behavior of asset prices. The second is understanding the Great Depression. I then discuss research on the causes of business cycles, the role of labor markets, and on explanations for the strong patterns of comovement across different industries.
The Behavior of Asset Prices Real business cycle models are arguably successful at mimicking the cyclical behavior of macroeconomic quantities. However, Mehra and Prescott (1985) show that utility specifications common in RBC models have counterfactual implications for asset prices. These utility specifications are not consistent with the difference between the average return to stocks and bonds. This "equity premium puzzle" has generated a voluminous literature, recently reviewed by Mehra and Prescott (2003) .
Although a generally accepted resolution of the equity premium puzzle is currently not available, many researchers view the introduction of habit formation as an important step in addressing some of the first-order dimensions of the puzzle. Lucas (1978) -style endowment models, in which preferences feature simple forms of habit formation, are consistent with the difference in average returns between stocks and bonds. However, these models generate bond yields that are too volatile relative to the data. This evidence suggests that TFP, as computed by Prescott, is not a pure exogenous shock, but has some endogenous components. Variable capital utilization, considered by Basu (1996) Another controversial aspect of RBC models is the role of technology shocks in generating recessions. The NBER business cycle dating committee defines a recession as "a significant decline in economic activity spread across the economy, lasting more than a few months, normally visible in real GDP, real income, employment, industrial production, and wholesale-retail sales" (Hall et al. (2003) ). Most RBC models require declines in TFP in order to replicate the declines in output observed in the data. 6 Macroeconomists generally agree that expansions in output, at least in the medium to long run, are driven by TFP increases that derive from technical progress. In contrast, the notion that recessions are caused by TFP declines meets with substantial skepticism because, interpreted literally, it means that recessions are times of technological regress. Alternatives to Technology Shocks The debate on the role of technology shocks in business fluctuations has influenced and inspired research on models in which technology shocks are either less important or play no role at all. Generally, these lines of research have been strongly influenced by the methods and ideas 6 One exception is the model proposed in King and Rebelo (1999) , which minimizes the need for TFP declines in generating recessions. This model requires strong amplification properties that result from a highly elastic supply of labor and utilization of capital.
7 See Gali and Rabanal (2005) for a discussion of some of the misspecification issues.
developed in the RBC literature. In fact, many of these alternative theories take the basic RBC model as their point of departure.
Oil Shocks
Movements in oil and energy prices are loosely associated with U.S. recessions (see Barsky and Killian (2004) for a recent discussion). Kim and Loungani (1992), Rotemberg and Woodford (1996) , and Finn (2000) have studied the effects of energy price shocks in RBC models. These shocks improve the performance of RBC models, but they are not a major cause of output fluctuations. Although energy prices are highly volatile, energy costs are too small as a fraction of value added for changes in energy prices to have a major impact on economic activity.
Fiscal Shocks
Christiano and Eichenbaum (1992), Baxter and King (1993) , Braun (1994) , and McGrattan (1994), among others, have studied the effect of tax rate and government spending shocks in RBC models. These fiscal shocks improve the ability of RBC models to replicate both the variability of consumption and hours worked, and the low correlation between hours worked and average labor productivity. Fiscal shocks also increase the volatility of output generated by RBC models. However, there is not enough cyclical variation in tax rates and government spending for fiscal shocks to be a major source of business fluctuations.
While cyclical movements in government spending are small, periods of war are characterized by large, temporary increases in government spending. Researchers such as Ohanian (1997) show that RBC models can account for the main macroeconomic features of war episodes: a moderate decline in consumption, a large decline in investment, and an increase in hours worked. These features emerge naturally in a RBC model in which government spending is financed with lump sum taxes. Additional government spending has to be, sooner or later, financed by taxes. Household wealth declines due to the increase in the present value of household tax liabilities. In response to this decline, households reduce their consumption and increase the number of hours they work, i.e., reduce their leisure.
This increase in hours worked produces a moderate increase in output. 
Investment-specific Technical Change
One natural alternative to technology shocks is investment-specific technological change. In standard RBC models, a positive technology shock makes both labor and existing capital more productive. In contrast, investment-specific technical progress has no impact on the productivity of old capital goods. Rather, it makes new capital goods more productive or less expensive, raising the real return to investment.
We can measure the pace of investment-specific technological change using the relative price of investment goods in terms of consumption goods. According to data constructed by Gordon (1990) , this relative price has declined dramatically in the past 40 years. Based on this observation, Greenwood, Hercowitz, and Krusell specific technical change has become a standard shock included in RBC models.
Monetary Models
There are a great many studies that explore the role of monetary shocks in RBC models that are extended to include additional real elements as well as nominal frictions. 8 Researchers such as Bernanke, Gertler, and Gilchrist (1999) emphasize the role of credit frictions in influencing the response of the economy to both technology and monetary shocks. Another important real element is monopolistic competition, modeled along the lines of Dixit and Stiglitz (1977) . In basic RBC models, firms and workers are price takers in perfectly competitive markets.
In this perfectly competitive environment, it is not meaningful to think of firms as choosing prices or workers as choosing wages. Introducing monopolistic competition in product and labor markets gives firms and workers nontrivial pricing decisions.
The most important nominal frictions introduced in RBC-based monetary models are sticky prices and wages. In these models, prices are set by firms that commit to supplying goods at the posted prices, and wages are set by workers who commit to supplying labor at the posted wages. Prices and wages can only be changed periodically or at a cost. Firms and workers are forward looking, so in setting prices and wages, they take into account that it can be too costly, or simply impossible, to change prices and wages in the near future. 
Multiple Equilibrium Models
Many papers examine models that display multiple rational expectations equilibria. Early research on multiple equilibrium relied heavily on overlappinggenerations models, partly because these models can often be studied without resorting to numerical methods. In contrast, the most recent work on multiple equilibrium, discussed in Farmer (1999), takes the basic RBC model as a point of departure and searches for the most plausible modifications that generate multiple equilibrium.
In basic RBC models, we can compute the competitive equilibrium as a solution to a concave planning problem. This problem has a unique solution, and so the competitive equilibrium is also unique. When we introduce features such Watson (1993) shows that as a result of weak internal persistence, basic RBC models fail to match the properties of the spectral density of major macroeconomic
aggregates.
An important difficulty with the current generation of multiple equilibrium models is that they require that beliefs be volatile, but coordinated across agents.
Agents must often change their views about the future, but they must do so in a coordinated manner. This interest in beliefs has given rise to a literature, surveyed by Evans and Honkapohja (2001) , that studies the process by which agents learn about the economic environment and form their expectations about the future.
Endogenous Business Cycles
The literature on "endogenous business cycles" studies models that generate business fluctuations, but without relying on exogenous shocks. Fluctuations result from complicated deterministic dynamics. Boldrin and Woodford (1990) note that many of these models are based on the neoclassical growth model, and so have the same basic structure as RBC models. Reichlin (1997) stresses two difficulties with this line of research. The first is that perfect foresight paths are extremely complex raising questions as to the plausibility of the perfect foresight assumption. The second is that models with determinist cycles often exhibit multiple equilibria so they are susceptible to the influence of belief shocks. Labor Markets Most business cycle models require high elasticities of labor supply to generate fluctuations in aggregate variables of the magnitude that we observe in the data. In RBC models, these high elasticities are necessary to match the high variability of hours worked, together with the low variability of real wage rates or labor productivity. In monetary models, high labor supply elasticities are required to keep marginal costs flat and reduce the incentives for firms to change prices in response to a monetary shock. Multiple equilibrium models also rely on high elasticities of labor supply. If agents believe the economy is entering a period of expansion, the rate of return on investment must rise to justify the high level of investment necessary for beliefs to be self-fulfilling. This rise in returns on investment is more likely to occur if additional workers can be employed without a substantial increase in real wage rates.
Other Lines of Research
Microeconomic studies estimate that the elasticity of labor supply is low.
These estimates have motivated several authors to propose mechanisms that make a high aggregate elasticity of labor supply compatible with low labor supply elasticities for individual workers. The most widely used mechanism of this kind was proposed by Rogerson (1988) and implemented by Hansen (1985) in a RBC model. In RBC-based monetary models, sticky wages are often used to generate a high elasticity of labor supply. In sticky wage models, nominal wages only change sporadically and workers commit to supplying labor at the posted wages. In the short run, firms can employ more hours without paying higher wage rates. But when firms do so, workers are off their labor supply schedule, working more hours that they would like, given the wage they are being paid. Consequently, both the worker and the firm can be better off by renegotiating toward an efficient level of These strong patterns of sectoral comovement motivate to argue that business cycles are driven by aggregate shocks, not by sector-specific shocks. Figures 5 and 6 show that, as discussed in Carlino and Sill (1998) and Kouparitsas (2001), there is substantial comovement across regions of the U.S. and across different countries. 10 The average correlation between Real Gross State product and aggregate real GDP for different U.S. states is 58 percent, with only a small number of states exhibiting low or negative correlation with aggregate output. Figure 6 shows the correlation between detrended GDP the U.S. and the remaining countries in the G7. 11 The average correlation is 46 percent. At first sight, it may appear that comovement across different industries is easy to generate if we are willing to assume there is a productivity shock that is common to all sectors. However, Christiano and Fitzgerald (1998) show that even in the presence of a common shock, it is difficult to generate comovement across industries that produce consumption and investment goods. This difficulty results from the fact that when there is a technology shock, investment increases by much more than does consumption. In a standard two-sector model this shock response implies that labor should move from the consumption sector to the investment sector. As a result, hours fall in the consumption goods sector in times of expansion. Greenwood, et al. (2000) show that comovement between investment and consumption industries is also difficult to generate in models with investment-specific technical change.
One natural way to introduce comovement is to incorporate an input-output 10 I computed the correlations reported in Figure 5 using annual data from the Bureau of Economic Analysis on Real Gross State Product (GSP) for the period 1977-1997. A discontinuity in the GSP definition prevents me from using the 1998-2003 observations. I detrended the data with the HP filter, using a λ of 100.
11 I computed these correlations using annual data for the period 1960-200 from the Heston, Summers, and Aten (2002) data set for the G7 (data for Germany is for the period 1970-1990). I detrended the data with the HP filter, using a λ of 100. 
Conclusion
Methodological revolutions such as the one led by Kydland and Prescott (1982) are rare. They propose new methods, ask new questions, and open the door to exciting research. I was very lucky to have been one of many young researchers who had a chance to participate in the Kydland-Prescott research program and get a closer look at the mechanics of business cycles. 
